In Nigeria, farmers depend on government support for farm inputs in form of subsidies in order to improve their livelihoods. In this article, the productivity impact of the Growth Enhancement Support Scheme (GESS) input subsidy support program implemented was examined in 2011. The study employs a two-stage probability design to collect household survey data from 390 households in Kano State. As an analytical approach, the study employed a propensity score matching and a Two-Stage Least Square (2SLS) regression estimator that corrects for selectivity and endogeneity problems respectively while Hedges "g" was used to estimate the effect size of GESS .Maize yield and total factor productivity index were used as indicators to estimate the productivity impact of GESS program. The result from twostage least square estimator showed that GESS subsidy increased the yield of participants by 32.3% and the difference was statistically significant (P<0.05) while the result of total factor productivity index, showed that the participants were more productive) and had an average of 14.1% net gain from the cost incurred in production in the 2016 farming season. The size of the estimated treatment effect suggests an improvement in the productivity outcomes of participants. The study found that the results of the study are consistent with similar findings and therefore validate the hypothesis that the GESS subsidy programme improved the productivity of beneficiary households. The scheme obviously has enormous potentials and is also very promising for agricultural input procurement and distribution to resourcepoor households in Nigeria. In addition, there is a need for capacity building of the farmers by local extension agents in the form of integrated crop management practices in order to sustain productivity gains. This study concludes that input use alone is not enough to increase maize production, improvement in input use efficiency through integrated crop management practices are also needed.
INTRODUCTION
In the first decade of the twenty-first century, a number of governments sponsored programs and schemes have been introduced in order to meet the socio-economic development objectives of inclusive growth in SSA. The most prominent among these programmes was the agricultural input subsidy support programmes. In the 1970s and 1980s, farm subsidies were the major drivers of agricultural development and growth. They were implemented as large scale subsidies spanning over a period of 5 to 10 years in Zambia, Malawi, Tanzania, Kenya, Ghana, Zimbabwe, Mali, Nigeria. However, there was a growing concern that the cost of subsidy program generally overweighs their benefits leading to welfare loss (Jayne and Rashid, 2013) and was also characterized by rent-seeking and diversion of the subsidized inputs to unintended beneficiaries. The subsidy programmes were later phased out during the liberalization programs of World Bank and IMF in the 90s on the premise that the private sector can provide farm input more efficiently through market-driven mechanisms (Ricker-Gilbert, 2014) and Tesfamicheal et al., 2017) . This move led to a drastic fall in agricultural productivity. Ammani et al. (2010) observed that the liberalization period led to a decrease in maize yield and other cereals. Hassan et al. (2014) used time-series data between 1971 -2010 to examine total factor productivity of maize production under various subsidy programs in Nigeria, with results revealing that the 40 years of subsidy programs produced a mean total factor productivity of 1.004, implying that a total factor productivity growth of 0.4% as well as a total factor productivity index of less than 1 shows that farmers are unproductive while fertilizer use stagnated at about 8 kg/ha compared to Sub-Saharan Africa average of 21 kg/ha.
Regional initiatives such as Maputo Declaration 2003 and the First African Fertilizer Summit 2006 led to the reemergence of large-scale input subsidy programs across the continent (Jayne and Rashid, 2013; . These subsidies correspond to what is understood as a new model of pro-poor, targeted, and market-friendly smart subsidies (Chirwa and Dorward, 2013) . They were said to overcome the challenges of past subsidy programmes by depending on institutions and innovative mechanisms to effectively target resource-poor households with farm inputs (Chirwa and Dorward, 2013) . In 2011, the Federal Government of Nigeria launched the called "Growth Enhancement Support Scheme (GESS), designed and implemented with the broad objective of promoting agricultural productivity and food security and poverty reduction through increased use of fertilizer from the current 13 to 50 kg/ha (Adesina, 2012) . Under the programme, farmers received messages via their mobile phone which entitled them to buy fertilizer and improved seed from accredited agro-dealers at a subsidized price. The e-voucher further specifies the total quantity of fertilizer and improved seed allocated to the farmer as well as the designated redemption center for collection. A registered farmer is entitled to 2 bags of 50 kg fertilizer and a 25 or 50 kg bag of improved maize seeds. A major policy stance underpinning the implementation of the scheme was the withdrawal of the federal government from the procurement and distribution of fertilizers, improved seeds and involvement of private agro-dealers in the procurement and distribution of subsidized fertilizer and improved seeds.
Impact evaluations are an important tool for the analysis of public policies and interventions and are increasingly being used by policymakers and practitioners for decision-making. Their main objective is to estimate the overall causal effect of an intervention or program, that is, identify whether there is a cause-and-effect relationship between the implementation of policy and the outcome(s) of interest by estimating the change that can be directly attributable to the intervention.
Empirical studies on the impact of targeted input subsidies suggested that subsidies increase production and productivity of beneficiary households.for example Malawian farm subsidy programme achieved the objective of increasing production and productivity (Dorward, et al., 2008) . According to Ricker-Gilbert et al. (2011) also found that fertilizer use can be further increased productivity if rural poor are well targeted to receive fertilizer subsidy.
Understanding the impact of the GESS farm subsidy programme remains controversial because most of the studies did not apply rigorous impact evaluation methodology. For instance, farm households who participated in GESS subsidy programmes optimize the use of fertilizer and improved maize seeds and significantly improved their productivity (Liverpool-Tasie, 2013; Oguniyi and Kehinde, 2015; Kemisola et al., 2018; Ibrahim et al., 2018; Nwalieji et al., 2015) . Most of these relied on single econometric models and did not properly control for potential differences between participants and non-participants, did not apply the widely acceptable impact assessment methodologies and are therefore subject to serious problems arising from selection bias and endogeneity. Further, the studies relied on propensity score matching (PSM) approach which only works if the difference between the two groups can be captured by using only observable variables. If there are unobservable characteristics, which can influence participation decisions and the outcome variable, the result from the PSM is likely to be biased (Ma and Abdulai, 2016) . Tesfamicheal et al. (2017) examined the productivity impact of GESS subsidy programme using a nationally representative household survey data, as well as statistically and econometrics approaches to control selectivity and endogeneity problems thereby establishing a clear causality between GESS subsidy programme and productivity. Under different circumstances, the current study validated the hypothesis and tested the consistency and generalization of findings by Tesfamicheal et al. (2017) . When treatment effect is consistent from one study to the other, common effects can be identified and if there is variation, the reasons for such variation can be identified because decisions about the utility of an intervention cannot be based on a single study (Obayelu, 2016) . The study provided useful information that would guide policymakers and development makers to understand if the same subsidy gain can be delivered at the lowest cost. The information generated on the total factor productivity of the households is important for policymakers to know if efficiency should be addressed through research and development or improving the size of the subsidy.
Productivity is essentially focused on because agricultural productivity is a measure of the performance of the agricultural sector and thus provides a guide to the efficiency of the sector (Abdoulaye et al., 2018; Aloyce et al., 2014; Awotide et al, 2013; Lameck, 2016) .
Kano State is the largest livelihood zone in Northern Nigeria which also represents a more densely populated area in Northwest Nigeria and one of the first states to join the scheme in Nigeria with over two million beneficiaries (Adesina, 2012) . An evaluation of the scheme at the state level would provide the government with information relevant for identifying context-specific issues (gender roles and relations, climate variability and constraints) that are relevant to improving the effectiveness of the scheme at the state level.
In order to achieve the objectives of this study we intend to provide answers to these pertinent questions: does those access to subsidized inputs lead to higher productivity? How productive are the farmers in the use of these inputs? Meanwhile, from a policy perspective, we noted that answers to these questions are very important in addressing the dwindling agricultural productivity and attaining the objectives of poverty reduction and welfare improvement in Nigeria, particularly among the rural farming households.
MATERIALS AND METHODS

Study area
The study was conducted in Kano State, Northwest, Nigeria in 2017. Kano State is also located in the North-west geopolitical Zone of Nigeria between latitudes 130° N and 110° S and longitudes 80° N and 100° E with a landmass of 20,760 km 2 . It is the largest state in Nigeria with 44 local governments. The state has a projected population of 11,206,688 million in 2012 based on NPC (2006) . The average annual rainfall is 700 mm with 350 and 190°C as mean daily maximum and minimum temperature respectively. Major crops cultivated by farmers in the State include rice, maize, millet, cowpea, groundnut, and vegetables.
Sampling procedure
The study employed a two-stage stratified probability sampling design to collect data from 390 farming households in Kano State between July and November 2017. In the first stage, 30 farming villages were selected from 44 local government areas based on probability proportional to size, whereas in the second stage, 400 respondents were randomly selected from a list of maize farmers association in the State. Data from 390 respondents was stratified into 170 respondents and 220 non-respondents. The survey questionnaire was designed to capture detailed information on socio-economic characteristics of the households, input use, allocation, crop output for maize and other notable cereals and participation in GESS. In addition, village-level data was collected on average district prices of key inputs and farm inputs among others. In terms of participation, relevant data was collected on the level of awareness about the Growth Enhancement Support Scheme (GESS) as well as other decisions to register for the GESS program. The same survey instrument was used to collect data from the same villages to avoid biases. Arkin and Coulton (1963) was used to determine the population sample size of the study. It is given by:
Sample size determination
Where n = Sample size N = Total number of Households (3850) Z = Confidence level (at 95% level Z = 1.96) P = Estimated population proportion (0.5), this maximizes the sample size) d= error limit of 5% (0.05). Application of the above sample formula with values specified.The estimated population proportion of 50% is the power level that maximizes or increases the statistical power of the sample size , yielded a sample size of 333. Including a reserve of 20%, took the total sample size to 400.
Methods of analysis
The data for this study were analyzed using descriptive statistics, propensity score matching, and instrumental variable approach to analyzed the impact of GESS subsidy program on productivity outcomes. The study adopted maize yield per hectare and total factor productivity index to examine the productivity impact of the subsidy program. The crops were aggregated into maize equivalent.
Effect of GESS on maize productivity
Propensity score matching (PSM)
Household's decision to participate in the GESS subsidy scheme was based on each household's self-selection (non-randomized), hence GESS participants may be systematically different from nonparticipants. Propensity score matching adjusts for initial differences between the two groups by matching each participant to a nonparticipant based on similar observable characteristics (Rosenbaum and Rubin, 1983) before determining treatment effect. The first step in PSM is to predict the propensity scores for each observation using a logit model using characteristics that are not affected by the treatment variable. In order to get the most preferred propensity score equation, different model specifications were employed. The variables were selected based on economic theory and previous economic theory. The predicted propensity score indicated the probability of receiving treatment. After predicting the scores, imposing the common support region is the next step in the PSM framework. The common support region is the area within the minimum and maximum propensity scores of treated (participants) and comparison groups (non-participants). This is followed by the identification of an appropriate matching estimator. Dehejia and Wahba, 2002; Caliendo and Kopeinig (2008) and wooddrige, 2010 listed a number of matching estimators including the Nearest Neighbor (an individual from a comparison group is chosen as a matching partner for a treated individual that is closest in terms of propensity score), Caliper (where an individual from the comparison group is chosen as a matching partner for a treated individual that lies within a given caliper) and Kernel (a non-parametric matching estimator uses weighted averages of all individuals in the control group to construct the counterfactual outcome). The final step was checking for matching quality whether the matching procedure has balanced the distribution of different variables or not. If the matching quality is satisfied, ATT was specified as the mean difference of maize yield of the participants matched with nonparticipants who are balanced on the propensity scores and fall within the region of common support (Mendola, 2007) . The PSM, which is the probability of assignment to treatment conditional on pre-treatment variables is given by:
F (.) is a logistic cumulative distribution and X is a vector of conditioning variables. Rosenbaum and Rubin (1983) defined the average treatment effect (Z i ) in a counterfactual framework as (2) where Y 1 iand Y 0i denote productivity outcomes of household i that participated in GESS and the household that did not participate in the program, respectively but either Y 1i or Y 0i is normally observed, but not both of them for each household.
The average treatment effect on the treated (ATT), that is, the conditional mean effect is only defined within the region of common support. It is estimated as follows.
PSM only adjust for selection bias that may come from observable factors. However, casual identification requires controlling for both observable and unobservable factors that influence participation in the GESS and productivity outcomes. Hence, the estimates of Equation 5 may give biased estimates of yield due to possible correlation arising from unobservable factors. An appropriate estimation approach was therefore necessary to minimize the bias in the error term, as well as to produce a consistent estimate of the impact of GESS subsidy program on the productivity outcomes of maize-producing households.
To deal with the non-random endogenous error term in Equation 5, the instrumental variable (IV) regression procedure which uses a two-stage least square estimator was used to estimate the impact of the GESS subsidy program on maize productivity. The procedure assumes the existence of a variable, , an instrument, that predicts participation in the program, but does not predict productivity (Cameron and Trivedi, 2005) . Similar techniques have been used by (Chibwana et al., 2010; Nino-Zarazua, 2007; Ricker-Gilbert and Jayne, 2008; Ricker-Gilbert et al., 2013; Ricker-Gilbert et al., 2011; Shively and Ricker-Gilbert, 2013; Tesfamicheal et al., 2017) .
The study identified two instruments which correlate with farmer's decision to participate in GESS and had no direct effect on productivity except through its effect on farmers" decisions to participate in the GESS. The variables are the number of years that the household head has lived in the village and membership of the ruling party as instruments for GESS participation. Years of residence in the village is a measure of household political power that could influence GESS participation (Ricker-Gilbert et al., 2011) . Membership of ruling political measures a farmers' participation in social network and could also influence GESS participation. Jansen-Hargan test of over-identification was performed to verify the hypothesis that the instruments are exogenous and valid. The Tiri et al. 93 Wu-Hausman -F-test and Durbin-wu-Hausman -chi-square test was performed to test the hypothesis that GESS participation is exogenous. The study found that instruments were valid and GESS participation was endogenous hence instrumental variable estimator was found to be a consistent estimate of treatment effect. In the first stage, GESS participation is treated as endogenous and is regressed on the identified instruments (years of residence in the village and membership of ruling party) other controls that can affect GESS participation were included; meanwhile, in the second stage the yield equation was specified in a log-linear functional form and predicted values of the residual were included along with other controls in the outcome equations. Given the IV model in a linear functional form as:
Where represents the endogenous variable (GESS participation), is the outcome (maize yield), Zs are the instrumental variables (years of residence in the village and membership of ruling party), variables that influence both treatment and outcome, is the error that is assumed to correlate with and . Assuming that the equation is over-identified with two instruments, the reduced form equation in the first stage would be =
In the second stage
Where represents the outcome (maize yield in kg/ha), is the endogenous variable (GESS participation), household demographic characteristics such as age, years of education, farming experience, gender, household size) which influence GESS participation, represents membership of commodity and cooperative association, represents household landholding and number of working population, represents community characteristic such as distance to redemption center, farm and access to credit while z represents the instruments (number of years household have lived in the village and, membership of ruling party). , and are population parameters, are a vector of the variables. is tested if its significantly different from Zero if Cov ( , ) =0.
Estimation of total factor productivity of the households
The total factor productivity analysis was used to estimate the total productivity of inputs used in maize productivity.
Where TFP is the total factor productivity, Y, the yield of maize realized in Kg/ha (maize equivalent ) and TVC is the total variable cost in Naira. Equation 2 can further be stated as ∑
Where Xs are the inputs is the is the price of the ith input. We also calculated the Hedges g (sample size correction) standardized mean difference. For studies using parallel-group or matching strategies, g and its standard error (Borenstein et al., 2009 ) are computed as:
SEg= ,
Where ̅ is the mean outcome in the treatment group, ̅ the mean outcome in the comparison group, nt and nc are the sample sizes of the treatment and comparison groups respectively, Sp is the pooled standard deviation and Sc and St are the standard deviations in treatment and comparison groups.
RESULTS AND DISCUSSION
The results in Table 1 have shown the differences between participants and non-participants and have centered on mean differences in the outcome variable and farm and farmer characteristics. The results concerning the outcome variables suggest that GESS participation may have a role in improving farm productivity, but because participation is endogenous, a simple comparison of the productivity indicators of participants and non-participants has no causal interpretation. The above difference may not be the result of GESS participation but instead may be due to other factors, such as differences in household characteristics and farm characteristics as mentioned above so the outcome effect on individuals who participated in GESS might have been achieved even without participation, that is, the counterfactual effect. There is, therefore the need to further investigate these outcome effects by applying other rigorous analysis to test the impact of GESS participation on farmers" productivity. In consequence, we apply propensity score matching methods that control these observable characteristics to isolate the intrinsic impact of GESS and also an instrumental variable approach to a correct possible correlation between participation and unobservable characteristics.
Descriptive statistics of the respondents
A chi-square test of independence on some categorical variables of interest between participants and nonparticipants is reported in Table 2 . The data showed that GESS participant owns more land by inheritance, have more access to off-farm income, belong to ruling political party, own more phones, had more registered members, more risk advertised, was more informed of GESS and also use more fertilizer in the last farming season than non-participants. These are the variables that affect the household's decision to participate in the GESS program. The variable risk-aversion is measured by farmer"s willingness to try new agricultural practices such as improved seed. We consider farmers as risk-averse if they are unwilling to ever try new improved varieties. The two groups did not differ in participation in terms of gender, access to credit and membership of commodity associations ( Table 2) . The difference in GESS participation between men and women reflects the fact that men in the area are more informed about agricultural technology than women. Doss (2001) also finds that male-headed farmers adopt new agricultural technologies faster than women farmers due to access to complementary inputs such as access to credit and access to extension services. Women often lack capacity (mobility and funds), education, self-confidence, and more limited opportunities to join in groups and organizations due to cultural and ethnoreligious differences, which often serve as platforms and avenues for consultations and information-sharing with other actors including policymakers, researchers, and technical experts. According to Aboh et al. (2006) , access to and use of fertilizer tend to reflect a gender dimension reflecting the element of traditional roles in agriculture. While women constitute 60% of agricultural producers in Nigeria, they have less than commensurate access productive resources and inputs including fertilizers. Gender roles and power relations,therefore, have a critical influence on fertilizer access and use, just like fertilizer subsidy tend to impact differently. With regards to productive variables, the result in Table  3 showed that the sampled average landholding is 3.5 ha, but landholding among participants was 3.6 ha and is not statistically different from non-participants. According to international standard judgment on farm sizes, farm size of fewer than 10 ha is considered as a small scale (Ozowa, 2005) , which implies that most of the participants under the program were smallholders suggesting that access to farmland was not a constraint to maize production in the study area. Data also showed that GESS participants cultivated more plots for maize production during the farming season under consideration but there was no difference in the number of seeds used. The difference in yield was found to be 1660.92 kg/ha and statistically significant. Results in Table 3 also indicated a significant amount of heterogeneity in demand in the subsidy program seems to be associated with fertilizer used, with participants using an average of 197.53 kg/ha against 173 kg/ha for non-participant and the difference is statistically significant. Abdoulaye (2016) also found a statistically significant difference in fertilizer used among subsidy beneficiaries in Senegal, Liverpool-Tasie et al. (2017) found that maize farmers in the main cereal producing areas of Nigeria used about 211 kg/ha . It is likely that a reduction in the price of inputs as a result of subsidy would have encouraged farmers to purchase more fertilizer. However, this is subject to verification. From Table 3 , data also reveals that both groups do not differ in total labour used and the total number of persons in the working population. The mean total factor productivity was found to be 0.87, meaning that if any of the sampled farmers are picked at random with equal probability, the expected TFP will be a factor of 0.87 meaning with about 13% increase in input the farmers would attend the production frontier. The T-test was used to test for difference in socio-economic demographic characteristics between participants and non-participants; *, **, *** : Significant at 10, 5 and 1%, respectively. The T-test was used to test for difference in socio-economic demographic characteristics between participants and non-participants; *, **, *** : Significant at 10, 5 and 1%, respectively.
Results of the distribution of the propensity scores showed that propensity scores of participants range from 0.04 to 0.9 while among non-participants, the propensity scores range from 0.04 to 0.81. The probability of all households participating in GESS was 0.43 which means that the probability that households selected at random will participate in the scheme with respect to propensity scores is 43.5% (Table 5 ). The The T-test was used to test for difference in productivity outcomes between participants and non-participants; *, **, *** : Significant at 10, 5 and 1%, respectively.
common support region lies between 0.04 and 0.81. In other words, households whose estimated propensity scores are less than 0.04 and larger than 0.81 are not considered for the matching exercise. As a result of this restriction, 36 participants were discarded from the analysis, (Dehejia and Wahba, 2002) noted that when the proportion of lost individuals is small, this poses a few problems. However, if the number is too large, there may be concerns about whether the estimated effect on the remaining individuals can be viewed as representative. Accordingly, the proportion of individuals lost in this case is very small and therefore there is no violation of the assumption of common support. The common support condition was imposed and the balancing property was satisfied in the estimated regression model. The distribution of the propensity scores and the region of common support before and after matching are shown in Figure 2 . The density distribution of the propensity scores shows a good overlap between GESS participants and non-participants ( Figure 2) .
The selection of matching techniques is based on three independent criteria; standardize mean biased (Rosenbaum and Rubin, 1985) , a t-test (Rosenbaum and Rubin, 1985) and joint significance of covariates and pseudo R 2 (Sianesi, 2004) . Our estimation results suggest that all the matching methods produce similar results but kernel matching was the best algorithm. Kernel matching estimator with a bandwidth of 0.01 satisfied the selection criterion and so was used to estimate average treatment effect (ATE), average treatment effect on the treated (ATET) and average treatment effect on the untreated (ATU).
The reliability of PSM results depends on the quality of matching. This can be seen from the overall covariate balanced and common support as presented in Figure 1 and Table 7 respectively. Table 7 shows the overall covariates' balanced test before and after matching. The result reveals that the standardized mean difference for all covariates used in the PSM is reduced from 28.9% before matching to 6.1% after matching. This result shows that matching reduced bias by 78.8%; in addition, the chi-square test of the joint significance of variables after matching (P-value=0.784) while the chi-square test for the joint significance of covariates was not rejected before matching (P-value=0.000). Moreover, the pseudo-R 2 declined from 20.3 to 2.3% after matching. As indicated in Table 5 , the mean bias in the covariates X after matching lies below the 30% level of bias reduction suggested by Rosenbaum and Rubin. Therefore, the high total reduction, the insignificant p-value of the likelihood ratio test low pseudo-R 2 and significant reduction in mean standardized bias after matching are indicative of successful balancing of the distribution of covariates between participants and nonparticipants of GESS, hence we fail to reject the hypothesis that both groups have the same distribution in covariates after matching. The visual inspections of the distribution of the estimates of propensity scores reveal a substantial and sufficient overlap in density distribution of the estimated propensity scores between participants and non-participants suggesting that the common support condition was satisfied. Selection bias in GESS participation due to observed covariates have been eliminated. We can now attribute any change in maize yield and total factor productivity to GESS participation.
Estimating treatment effect of GESS on productivity outcomes
The results of the treatment effects (ATE, ATT, and ATU) is presented in Table 9 . The average treatment effect on the treated (ATT) value of production on the entire population of a participant was #48000.08/ha (P<0.001). The average effect of treatment (ATE) for a household drawn from the entire population at random was lower with a value of production #46800/ha compared to the treated category. The ATU is the counterfactual outcome of the treated indicating how much they would have lost if they were not treated. The results of the treatment effects on TFP was also indicated. The average treatment effect on the treated (ATT) was 0.87 (P<0.01). This means that if any of the participating farmers is picked at random with equal probability, the expected growth rate of TFP will be 0.8133; on the other hand, the average treatment effect (ATE) for a household drawn from overall population at random is somewhat greater with value of 0.86 compared to the treated category.
The total factor productivity of less than one means productivity is low though statistically significant. The low TFP could mean that there are some inefficiency factors in maize production. However, these differences in the value of production and total factor productivity cannot simply be attributed to GESS by looking at the mean differences between GESS participants and nonparticipants. In particular, these mean differences are only indicative of correlations and cannot be used to make causal inferences regarding the impacts of the GESS on maize yields and total factor productivity without controlling for another confounding factor.
The result from PSM is presented in Table 6 . The result showed that ATT on maize yield was 212.6 kg/ha (P<0.001) and TFP was 0.81 (P<0.01). This result is robust and consistent with both models. However unobserved heterogeneity among smallholders could have caused potential endogeneity resulting in possible of the error term with the productivity outcomes.
To verify the claim that participation in GESS may be endogenous, we perform a post estimation test using "estat endogenous" to test the hypothesis that GESS participation is exogenous. The results of the test are as follows; Durbin (score) Chi 2 (1) = 4.41177 (P=0.02230); the robust regression-based test of Wu-Hausman Fstatistics (1696) =4.7823 (P=0.03115) and χ2 and Fstatistic (53.5). Besides, we fail to accept the null hypothesis and conclude that GESS participation is endogenous at 5% significant level and therefore OLS estimation might be considered inconsistent estimate of treatment effect. The result supports the choice of instrumental variable method of estimating the treatment effect. We tested the validity of instruments using the stata command "estat first". We found that the minimum eigenvalue (53.2) is greater than the value of the nominal 5%, wald test at 5% bias tolerance and the joint significant test (F= 53.2, P=0.000) show that instruments are strong. Hansen-J test confirms that the model is correctly specified, thus, we fail to accept the null hypothesis that the instruments are weak and conclude that the instruments are valid and strong.
The result of the IV-2SLS in Table 7 show that GESS participants got an average net gain of 14.1% from the cost incurred in maize production while maize yield gain was by 32.3%. We also found that the age of household Table 7 . IV-2SLS estimation of treatment effect on productivity outcomes.
Variable
IV-2SLS Yield
Total factor productivity GESS 0.217(0.058)*** 0.141(0.0033)** Phone ownership (1=yes head, household total landholding significantly improve yield per hectare while total factor productivity is influenced by gender of the household head, with maleheaded households tending to be more productive. However, distance to redemption centres, a number of years of formal education negatively influenced yield per hectare and total factor productivity. The result of this study is consistent with the findings by Jayne et al. (2010) who found that increased maize production was positively associated with fertilizer subsidy in Malawi. World Bank (2010) also found 89% of the growth in output as a result of the subsidy program in Zambia. In another study, Tesfamicheal et al. (2017) also found that maize yield of GESS participants in Nigeria is increased by 26.1%. The findings of this study have shown that farmers who used subsidized maize seeds improved their productivity but contrary to Cesar et al. (2017) who found that input donation in Mexico did not improve the value of maize production. This tends to validate the argument that suggests that farm subsidy provides incentives for farmers to use inputs to improve farm-level productivity.
The Hedges "g" test in Table 8 also suggested moderate improvement in the size of productivity outcomes . These results may be key ingredients in the renewed interest of subsidizing farm inputs across the continent.
Conclusion
The impact of GESS subsidy program on maize of productivity farming households in Kano State, Nigeria was investigated to stimulate policymakers" commitment to the provision of assistance to farmers in the form of input subsidy. The study used propensity score matching analysis and IV-two stage least square method and Hedges "g" effect size estimation to examine the size of outcomes. The matching method made a comparison between those who participated in the program and those who did not and drew conclusions based only on those that participated in GESS farm subsidy programs. From the instrumental variable approach, we found that the yield per hectare of participants was (32.3%, P<0.01) and the TFP of participants was (14.1%, P<0.05). The result from hedges "g" effect size of the estimation suggests a moderate improvement in productivity outcomes, meaning that there is considerable hope if the government can build on achievements to substantially raise program effectiveness, efficiency, and benefits to the farmers. We conclude that input use alone is not enough to increase maize production; improvement in input use efficiency through integrated crop management practices are also needed.
